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NOTICE

The contents of this report reflects the views of the
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data and draw conclusions in a clear and objective
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The contents do not necessarily reflect the official
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- CONVERSION FACTORS

English to Metric System {(SI) of Measurement

Ouanity English unit Multiplv by To get metric eguivalent

Length inches (in)or(") 25.40 millimetres {mm}

.02540 merres [(m)
feet (ftlor('} .3o48 metres (m)
miles (mi) 1.609 kilometres (km)

Area square inches (inz) 6,432 'x 10"4 square metres (mz)
square feet (£t~} .09290 square metres (md)
acres .4047 hectares (ha)

Volume gallons (gal) 3,785 litres (1) -
cubic feet (ft?) 02832 cubic metres (m3)
cubic yards (ya?) L7646 cubic metres (m-)

Volume/Time

(Flow) cubic feet per
second (ft3/s) 28,317 litres per second (l/s)
gallons per
minute {gal/min} 06309 licres per second (1/s}

Mass pounds {1b) 24536 kilograms (kg}

Velocity miles per hour{mph)  .4470 metres per second {m/s)
feet per second{fps) .3048 metres per second (m/s)

Acceleration feet per second
squared (ft/s?) .3048 metres per second
squared (m/s?)}

acceleration due to
force of gravityl(8} g.807 metres per second
squared (m/s?)

Weight pounds per cubie

Density (1b/£t3) 16.02 kilograms per cubie
metre (kg/m?)

Force pounds {lbs} 4.448 nawtons (N}

kipg (1000 1bs) 4448

) newtona (N)

Thermal British thermal
Energy unit {BTU) 10%5 joules (J}
Mechanical foot-pounds!{ ft-1b) 1,356 Joules [J}
Energy foot-kips (fr-k) 1356 doulen ()
Bendingy Momant inche=pounds(ftelbas) 211230 newton=metrea (Nm)
or Torque foot-pounda({£ft-lbs} 1.356 newton=matres (Nm)
Prassurse pouhds per square

inch (psi} 6895 pascals (Pa)

pounde per aquara

foot (paf) 47.88 pascals (Pa)
Stresa Kips put nquarot . ‘
Intenait inch sguare roo

L inch (ksi /Tn) 1.0988 - moga pascals /motre (MP2 i)

pounds par squarae
inch aquaras root

ineh {psi /Tn) - 1.0988 %ilo pascala Jhstre {KPa /W)
Plane Angle degrees (°) 0.0175 radiana (rad)
Temperature degrees EF = 32 5 ¢ degrees celaius (*C)
fahrenheit (F) 1.8
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1. INTRODUCTION

Background

Caltrans (California Department of Transportation) Division
of Maintenance uses a standard traffic cone for all short
term lane closures to perform various highway maintenance
work. The traffic cone used is 28-inches tall, l4-inches
square base, fluorescent colored, and weights 10 pounds.
(1)* The benefits of using a traffic cone are numerous,
i.e., storing, handling, stability, public awareness of a
traffic delineation device, etc,.

Over the past 15 to 20 years, traffic cones have been set and
retrieved from the roadway by workers on foot, cone chutes,
and mechanical devices. As a result of inefficient and
troublesome methods the cone truck evolved. The cone truck
positions the cone setter person at a location where the
operation of setting and retrieving cones can be accomplished
at a reasonable speed of 15 to 20 mph.

Caltrans presently has 180 cone trucks in service. Each day
Caltrans workers establish and remove an average of 189 lane
closures.

Each lane closure averages 1.2 miles requiring 90 cones. The
cone truck has a capacity of 250 cones. The cone truck
design has also been utilized by several western states and
private construction companies.

Caltrans also utilizes a cone setting device that mounts to
the front of a truck. This device positions the cone setter
person in a basket stand-up type unit with a rotating rack of
cones adjacent to her/him., These units are slowly being
replaced in areas where frequent lane closures are required.
For this reason they will not be addressed in this report.

In contrast to Caltrans high frequency of daily temporary
lane c¢losures, highway maintenance lane closures in most
other states are established for periods of days and weeks.
Low traffic volumes make it unnecessary for most other states
to have any degree of sophistication in equipment or methods
to establish and remove temporary lane closures. Cone
devices are either "walked" out or placed by a combination of
a worker standing in the back of a slow moving truck handing
devices to a worker(s) on foot. Even Texas, which has some
high volume and high speed freeways in the Dallas and Houston
areas, sets/retrieves cones using the latter method. Another

.Mmethod sometimes used by other states is a worker who sits on
the tailgate of a slow moving truck and sets cones onto the

pavement as the truck moves along.

Numbers in parenthesis refer to a reference list at the
end of this report.
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1.2 Objectives

Caltrans has expanded the use of cone trucks, as the result
of an inter-department study (2) conducted in 1982. With
additional cone trucks in operation by Caltrans, other states
and private construction companies, crash testing of the cone
truck body is imperative to check its structural integrity.

The objective of this research was to confifm or to improve
the cone truck body design by actual crash tests results.

General Discussion

Caltrans designed and put into service the first cone trucks
in 1977. Caltrans' process for procurement of equipment
entails a set of design drawings or specifications that is
distributed among an established list of qualified bidders.
The cone truck body is purchased using a set of design
drawings (see figures 2 through 13), and the cab and chassis:
is purchased using a specification (5).

Since the first cone truck introduction the basic
configuration has not changed. Components have been added to
meet additional operational reguirements for lane closures,
Major components that have been added are sequential
arrowboard signs, auxiliary generators, and rear opening
windows (for communication}.

In addition to maintenance work the cone truck has become an
emergency type vehicle used for lane closures resulting from
hazardous spills, floods, major accidents, and major
attractions requiring traffic control.

Operational procedures for traffic control utilizing the cone
truck are covered in the Caltrans Maintenance Manual (3).
Included in the Maintenance Manual are instructions for
placement ‘locations of the various traffic control devices,
such as signs, arrowboards, barrier trucks, and cones.
Caltrans requires the use of shadow trucks for all slow
moving maintenance operations. This requirement includes the
use of the cone truck., Whenever the cone truck is setting or
retrieving traffic cones, a larger truck with an attenuator
is reguired to provide a barrier between the traffic and the
cone truck. (This is a change in operational procedures that
occurred after, but not as a result of this research.) After
the lane closure is established, the shadow truck becomes the
barrier vehicle to protect the work zone within the lane
closure. The cone truck is parked ahead (downstream) of the
work zone and during a full-day operation, will loop around
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and reset any cones that become displaced.

From the safety point of view, the cone truck has an
excellent record and offers several benefits over other
methods of cone setting. In a cone truck the cone
setter/retriever (person) is belted into a firmly anchored
high backed seat within the body of the truck. There has
been one documented accident with an operator in the cone
setter/retriever position.

The accident happened on October 29, 1980, when a motorist
impacted the right rear of a cone truck at approximately 60
miles per hour., The motorist, driving a 1/2-ton pickup, was
forced into the cone truck by another vehicle. The
maintenance worker driving the cone truck saw the errant
motorist coming towards him and accelerated to get ocut of the
way, but the cone truck was impacted in the right rear
quarter panel. There was no injury to the cone
setter/retriever and damage to the cone truck amounted to

- $550.

Additional safety benefits of the cone truck include:

0o Loading/unloading of cones to/from the truck is not
required thus eliminating back injuries. (The cone truck
stays loaded with cones.)

0 The éverage lane closure is 1.2 miles, at the speed the
cone truck can operate (15 to 20 mph) the lane closure is
installed or retrieved in 3 to & minutes.

This has numerous benefits, traffic, safety, labor

savings, operations overall safety, and exposure of crews
to traffic.

Conclusions

The following conclusions were based on the results of three
45 mph and one 60 _mph passenger car impact tests into the
rear and side (25° angle} of the cone truck. Since the cone
truck is of primary concern in this research, the impacting
passenger car will not be considered in the following., Two
appraisal factors used to judge the results were structural

integrity (cone truck body) and occupant risk {cone setter
person).

3.1 Structural Integrity

Although all four tests were severe, angle of impact and
speed, there was no structural damage to the cone setter
compartment of the cone truck.. In test #421 (rear impact),
the cone body sheet metal behind the rear axle absorbed the
impact leaving the front half of the cone body damage free.

3
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In tests 422, 423, and 424 (all at 25° angle), the impact was
c¢entered on the cone setters compartment, In all three
tests, the Compartment was left free of any structural
damage, .

3.2 Occupant Risk

In ail teste, the accelerations for the cone truck
longitudinal were at or below 10.8 g's indicating FE?Y were
below 12 g's (limit in Research Circular No. 191)

In test 422 (first 25° angle test), the front corner of the
impacting car's hood rode over the rail of the cone setter
compartment. fThis allowed the corner of the hood to

when impacteg at an angle of 20 to 30 degrees, However, with
hew operation Procedures, other makes of cars and smaller
cars, occurrence of this happening is greatly reduced.

Recommendationsg

1. Field evaluations of latesgt Operational Procedures
involving the cone tryck should be done. 1In evaluating
the Procedures, particular emphasis should be placed on
chances of an angle impact when cone setter person is
in cone body. '

installed on a limiteg number of cone trucks for fielgd
evaluation, Attachment could result in hampering cone
setting/retrieving Process, entrance into body, etec.
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5. Implementation

Caltrans, Division of Equipment Maintenance and Development
has a process for implementing field modifications. The
process used is referred to as a Technical Service Bulletin.
In this case, should the cone truck attachment be accepted,
by actual field test, an equal number of attachments for all
cone trucks would be manufactured and disbursed to all field
shops with a Technical Bulletin. for field installation.

6. TECHNICAL DISCUSSION

6.1 TEST CONDITIONS

6.1.1 Test Facility

All cone truck impact tests conducted at Caltrans Dynamic Test
Facility in Bryte, California (near Sacramento). The test
took place on flat, asphalt, concrete, paved surfaces. The
weather was clear and mild for all tests.

6.1.2 Cone Truck Design

The cone truck body is designed to be mounted on a standard
one-ton (10,000 to 11,000 gross vehicle weight GVW) chassis
with a cab-to-axle (CA) dimensions of 84 inches and frame
width of 34 inches. This longer CA dimension allows the space
for the operator's position to be located between the back of
the cab and the rear axle. The operator's compartment is
fabricated of 1/4"-steel plate with a 1-1/2-inch pipe railing.
A conveyor 26 inches wide, full length of the body is provided
to move cones to within reach of the operator. The conveyor
is powered by a bi-directional 12-volt DC motor through a 60
to 1 reduction gearbox. There are foot control switches in
each operator's compartment to control the movement of the
conveyor. At each side of the conveyor and to the rear of the
operator's positions there are storage compartments., Storage
compartments are used for extra cones, signs, sign tubes, sign
tripods, sandbags (to stabilize tripods), batteries/lights
(for night operations) and tools. As an option, an
8-horsepower gasoline 12-~volt generator is installed in the
left compartment at the rear. The generator is used to power
the sequential arrowboard while the truck is parked for
extended periods. Drawings used for fabrication and mounting
of the body are shown in figqures 2 through. 13. The
specification used for purchasing the truck is listed in the
References (5). ' '

ClihPDF - www .fastio.com


http://www.fastio.com/

C



http://www.fastio.com/

EFE= 21 [— _id._ﬂﬂcx.!n‘rﬁa-ﬂgi ol
R ] B sy = .27 COTSIIAT, Y N TERAET 391 MoNas JOfLTe | o
ree— h— ]
’ 1 AGAR - HIAN AL . | e W o T Rt e WOk | .
..W...{.OUEDU\“—\&IM\.M{NIP ) P A PHOTE S 0ANSISTRS S, 3.].
O i o noaa” | EEEEER ool zras 2umaw ovvanont aor Provel o
ey w0 AITLE » x H-I-.lr‘ — Fr e
4 SRWINTH e R B Rl
aL NAVYSAIY 3 NS0T Jea2e} @ . — 7
B s e P Sleal T U4 WIS | Dmw) o
TN Ve

WG W2ONN TANVD TOUANGD HRE ._._chnza/.%

aNTWAHEIWOD TRONG 40
LWOLDG HIMOUHL LSYWHY HINOS AHYIINONY dhqg@

57 120-23 L2MG TIC HOHINY ITiY .Ewn@
A0 TULL Nt ﬂcuunmﬂé._._unﬂ MNY3 B0 SIAAIANGD  SACHLYHY &

THoA 1D

NOTID 7F-WNVL GO T
TINGOOH S-LL VT4 HOLTINND HigL] T
WOV-0Z,04 4OCZEY BOWINE T wIs| {02 |
I
!
T
E

TrdeIUF AR LNTIORY DI A BN N OIS
2z myd -deeaaet <3 a1l POOYRF LY 2141103
202/ 07 OM T2 WTNH- HIUH
A3¥3 HOH 0200w —1VAS 135N
ELI-0Z4UH  ANTIVAITY O

WIASAG TOULNOD HAIVeL- NOIS Sid MNaneRG| T [ ST
YSI-O2BH Hudw WYIMG vWvlvanwme | T | 4T

. 1
l

TN 19813, 50 TIvvd vova | 3 1 28
. i

Csetr¥fy - YIRS Fo WS 2 ] 61

; LM OFZIWLE HiMn )
$9p14vL P EH - ICONC UI1-WIL 4 ¥ 7,3 NTT3| 4 | OF AR

e s

YA [ ]
SPTT-E JoH ANV W3M0d X ' wolndiaNan] T | 9 ¥ - @/J T
~F2rf-IF  Poodfm HFITOH oIS FFALLD LI ! .
AdYL 3ARMTIIEE WE N3
Q&u&k\n&s\%g Foz| 2\l »
Grar B Wi I s IR NeHZ | 1} & ‘
AL o AT T ~d707 AT | T | 2

224-9TQ TF M 2% n&».ﬂ.qﬁ&i.mﬂ )
SV W ALb| 130

A

www . fastio.com

ClibhPDF -


http://www.fastio.com/

R



http://www.fastio.com/

PR

¢ aanbry

S 7 T f—
Z-RO2T g | oS e
ATOT NONaL

ATIWVIESY  OFTIZM HAPNSL FNOD DIVl

CTORETNIvLEa

SYOD AL

ANTRJINDT 40 Foi240 s e ot
ESHYICLLNIYI 20 NOSTA SEt I e
s & T R ——

BL TMYETTY # VXSO [206E

ow| - “— NAAVHOTH GNY NOISIOIY (U

T Jora Notwortioni- Toranis Taina ¥oAIANG)

ez {

&t

5L
&

L2

-

-t -Fr-------=---

'

L.

31 &

T Lo x t-ﬁn...t-\mm« =)

Y P

F I T s T mumoom.mn Bujpmong
ET-X-7 ) f]
- 207 * #di ¥4 s 7

P ¥ Ehigal [] E¥g ¥

Tty v 18 o @

=T I~ og ¥ PRI XTTY 3f)

68 ¥ T wsdLES

- Bquﬂk‘vQ

L3

-.l.?. e

muﬂﬂﬂﬂﬂﬂﬂwmmw&ﬁ;;tju

l,\\im\\n-.wﬂ‘*ﬂ\%u\ |

STV 7 R

TS TR SR STVIMILYH

www . fastio.com

ClibhPDF -


http://www.fastio.com/

ClihPDF -



http://www.fastio.com/

f aanbr

L, .
== 7o m
I WL ——
EiG-23 s, e
AT Notws ——e—

FSY Dosyas i 13, & repos
TN, To1as s ot p— '
g....n.icm: wzﬂ!::n u.lt..:l.lhlq.-llllll.: 277 F 475 @ﬂm“
O i A — p——p LI 1 L) . S

g Yoy

e —— e = Eesiins
gL | NMYHIIH P NOISE0aN Rote| @ b dd A B \&nrllJ fo——d MG L A
- £ EE;
_— T T T - TTOTT YT T ER L LE LTI W OTIT TR OTER MmO PR OTR AL R b e e e b e e e = \ .rlv\.
. ;
Aﬁ : ; \
e -
/ | _ a
\ : :
e e e s e e — e e m e
7
@ .
-] ! =) “H/0y JoJSUPL 10} By

i 23

— e I
NOOH IWIvHD Ere, nes i

FONIH FLwD (wE
V-E INO/LIFS ~ %ij

D= NOILDTS

Sre0s &

£ _| £ ATHATECF HO0G  Fowacis
A 84 A I8 X D pousar sual) 2 [ 1z2-£ |
5 2 joacl
e 2V R L L A W (223 L ;
22+ TR en e | o |grc] Pl
R e W T A W I VTS I_
- e N 3
.Eﬁdfm 2 ol [ #e— —g—
2 _I#EE
2 £/-£ | N
cmch I =
7 mﬂa »
2 _love L~ 2
- 23 TETLL! _#_ ] 8E
T - For v edg W M Z [ o-¢ Aquesry 53.3@\ _
ARIE M LE XY o, ¢ -
ol 47 q.i. %l 2 | o :
ATIRGSSY o] T | < <
FIX IO puncx wI .| 7 | #e i
= ¥ Xog Py 5,1 ] E 1 E-
Pl T Bodo2-E -
2F7 PR obves Ml @ =3 H“H - )
' ¥Es A - T e —— e S Y -
. ~LE/T STV
LS

www . fastio.com

ClibhPDF -


http://www.fastio.com/

ClibPD!



http://www.fastio.com/

§ aaInbry

4 b ————

i el I Y. oo
#l0-27 g u% Wiy
Ado8 AZnal el p———
ANCD D verL vy
INIWIINOR 4G IDNLID = — e e
ONTIGLKIYI JO NOHIAH e
e i e b —y o

gL Loy § Lbleopey laois| @

k1 NMYHO03IY any NoIL3GIY

T LIFT
T e 4 AT @

s &

e

% 04 o7 - O0—f

-
]

—
* i
20 P ol i

’F

i

%S nTEE 1 Gi-h
SEMT »obm| T | ba
. Oagr « 03| 1+ | oon
I Sy T T ey xvbor]. 7 | i-p
Exgxebor] 2 | 9-p
o e pExgE¥OEYl 7 | s-p

2

RN, @ gt wobsy

>
» B

e ¥ypaerbas| 2 Z2-#

H PP BN - yT IR XER Y PE gy 2 -r

-IOILATHISIF —————= VIO S

ir—sreat—— . G A g P A ———

TS LAY -

SNV ONTF _\flu_

ez

= guwﬂﬁﬂh\ mu

— s

247 eyoy
Iqu.mllzv.q [.LRuwQ B-e)

—i—

OB o7 O

Appiwmrs
He Fpo T

h.&wMNN M. ﬁk

D eOG o O

NIL.-I

| . Q7 T0e ooy

L1a

M3 TITOIIXT ATGWIssy Q073N

{(monst
LAFT D) -4

LB D

7,

tiomed)

[ F) TN

TEIN | OVIE.

@

————

6

I O b WADLG T T
N |
|
| ] ! b
_ s AV
e
o it
P A e
(o~ e
s 22
—
NVD Q0% IDVHOLE iar
: Hrg
q —l7 L/ 7T 2 ¢
- _ T
o0 o
_ §f i€ K
} T3 - W
§8 8§
@G do
i !
L !
i 7 awon
JENVd Z015 1/-¢
—
F I
2 ) ;
L
e E B
—

~

G - 206 o 5=

& . a06 GMoG_ o

10

www . fastio.com

ClibhPDF -


http://www.fastio.com/

ClibPD



http://www.fastio.com/

9 aanbty

i o
ar i * v
S 0-2 anom&?ll T
ATOF  HADNIL ——————
F/VOD raavEl | —
INIWNJINOT 30 ID1440 sty
R Ay TEEREaE

s ere———————-ireirle——————
=

I....
Fas] MMVDCRY S ubimerant lgoce| &

wargnp o auy 40 Kguwoessy +¢
PO BT OF fip bwosbuawd [eof3y

it g yser. Y ii-g

PG XD W<\a\m org

~OR 7o It It &5

TSI SIVIZI LYY —

2
|4
*
IO T I | 2 | ws
o sbumarg /vy ¥l 2 | ooF
P xh&.a.ﬁ\ srrvmngl 2 -5
PG Lk EER F
Nl d i AR R
~ R AR
warrye| 2. | 2p
RTINS
IOIL ADRDT Aer) —

T SNvg FOIsAA0 mv

f (14
¥ £
s 1T,
£
-
kg
] |
1
1
IV SOE 63
I ar
g - =
| F
—£ ﬁ
&7
.|4_
B ¥
i 1 (]
e e

I V¥4 <
T
o
m u..llo..mslqOI.l..l
j b 2 P O
bl
M\I.. Out? 7 O
ﬂ =l o5 o1 G
4

NILVIP7 FIoN 2¥FS

CANACET L89G

T,
CUTWS SWT OF= " o

Ly el T : T N
. @ A4 [
LHO INT7 I L. 1o 4095 unuﬁw _ y ] () L€
— ,

_ll.$ — Y
Vet 1

._ww/ Lt rd
i

L2
O hpgwnsur ¢v pop - towg Fo J‘.h
PRUan] O SFOL 49 RgO30T

I LY TTVLSNY LMV..UQWQ L¥28

wil!-ll_vm.||w

_ ,_.
m &
N -
wr frquecsy 4o gagcey @
|
n\\\\AM. |_#.|
oY T J
T S, ey
o db

1

www . fastio.com

ClibhPDF -


http://www.fastio.com/



http://www.fastio.com/

P N m—
vy I LT "!I..
TE=3-F i | 27805 Bl wvem ¥

[
AJOT  ADNIL R —
SVOD DoV

...
TERIToI 0 o050 | TRRATE
._-.B."lua g e o

Fiaicor e 40 divin

- LN L73T

L4 O Dy EU 40 RIGUIBSEY 4
POU B ST B A RUSiELS G  (IY

TIION

o e ooy

z |t
<PE XD EYIIL| # |OF
<o FD Mg | v | &5
¥ eg 3| 2 | @5
2 nbumaLg rriem Yl 2 | 4S5
\\Kh&hﬁh‘ rrremuL) 2 EN-1
27w bumns g porenil 2 | -8
Yarxexsirrse| 2 | #F
> T er Y| T | E-5
WarrLreY L 2| 25
Y RLALZIH L 2 | -5
NOILI NIRRT v e 7]

TIAEI? STVIHILYN .

—Iw\- '

—x 8-

&r

R P OF = b

LG ARG I . L.

T N T — . ¥
& Ad5 [C
10D 4225 uu:ﬂﬁv _r|l_ | @ I —
w .

l-t

—C W O——
—O o —

Ou¥? b7 O

HOILY20) FIoH WS

= o F2 217 Cr

S ;.‘.__].g:.

ATTHWISSY QRO75M LINIVEE LVIC

] i
o] _ @
o brqaasesy v ptop ~pous Fo 5
PRLritadi S} AFOL JO LOTODOT —

NOILY TTVLEIT ASAIVEE Lb5E

o
rJA& o
| 3 Loy fiog Boptirg

/3 woes g Jucis

Fiquacsy 4P frogeey 6

e Gopapry si0PE
sopny Eunjumin B0y

1

www . fastio.com

ClibhPDF -


http://www.fastio.com/

£
LI

i, b wl,
LT



http://www.fastio.com/

L 8anbry

e i —

o i st | oy p—
3-LT-2F = "=
P Y T = awvon voxannos ()
AQOE N2t -
VoD Tt | . 1%, NIva 01 INGHs T35 1Mo
INGRJINDA 40 TAE0 B S
EIHLHIVIS 40 HOIA TESTR AT _ T L w =
T el —— =
= 5 e — i 3
L umaipey b Lbisepens 2 ops| © A= = =
Y] umtupay bun ubitaeer s |ThEre ———— —
" I p gvaunu
DLW LTS XAvr) wI MaTioN et | BR3¢ . < (B!l o
. S30H WO K-t —
3% 99 NOWI
g2 NO/LI3FS
oL (G
. Ay BotBif YL
£ e ” - = 5 o
LSBT SN N s WISETIE
\ = \ 3
EELFTE ? : A} T
1 - .
[s-2'
h N T+ O - ~
- FEAN g {§:2)s HE
p&hv\‘ =
v
. I
i
i |
) T YT i V-2 NOILIFE
e T puBunal B g W T T | %4 LT e WIG LM Lum_vm
e g heteb ) T {30 -y Jxxnhu.‘iauun Q“\mwcxw —
R R B "2 LY T 1Y) ] -]
T e - e 7 &-2
=== =2y
L > vanyray b manpo v s Ambered| 4] -
== el ) e AR Ly ri) q T A

o

12’

www . fastio.com

ClibhPDF -


http://www.fastio.com/

C

IhPDF

i

Y /.\,/ fast



http://www.fastio.com/

8 sanbry

.
T 2 o =i = S E T ey . e ———
’ = Iw Vi & w——
el e o=
§ [ -
AQOS WNHL NOT NO BNIIM WOAIANGS
e v
ANIWAINDT 30 INNLI0 ﬂﬁﬂlﬂm
TR e ST
3oy
— L LU
wgmp HMvga3k. QINOSIITS 3 KO PN
PRz E L e e L Liims aLrayy.
Vi Snhim - 30| oAz 3
T
b PPV NIIIEP (¥ AP DE P LIS I
IR TE et Lrwvein L3okblivir oy || F ok
P iV IN IS GIQOE RIS APV Wy,
Frrant w5 ey pur vy (| 9

VOUNIA L 49 MM _
T 01 TNV SININOAWOD JSTHL QI JWLIM THL YOOMIA iR
Wi 32 2L JOM VANYIS GNY Y03 HOIIND) wind TS )
WP adwodT Juv STUIM WTD GNY NYD R34 duy 4 _

WDHIR0L OWWEOT FUV FFRIA ML QMY NET Dl IHL A4

dd F UIANA-HIONTT JuIM d31913eSHAS
MMOHT HIDNTT UM FLYMIICEedy 'S wﬁ.\ m ry
WRYRAT HUM GILYWIENG ONY OFOM¥AILE T8 T7HE Jyem 1k \mN&\&“ﬂNnMa CLPALTS Q\§V\M\MUM.I
Q3IH00Y 3@ 1TVRT SRhM T
WIW I 420245 ON $LIND AT —_— e e — ——
SHOLDINNDD 2JAL S3NWNH 307
T .
ATV RIS IO Pk Ddd Tt
_ aat i LPOHL N STIPEL TIS IR
AMZLIVET AL A ML ST 2] APLLE (TR
| anwrzners XD IR = ’
F— g —_— — ——— e e et ——
QTR T =] _ I8 e
NIRK-NOS L bed bt 5 St POTA VL d kB STy I——
NI NE L K
NMOVE- MR = opms ¥
. me e . Vo4
— A LA DLT Y RS SRS
RO PG ARLIE ! oL SXDSI By
ANLINY DL FOLOhy ) i
* KPIMITE
_ — LRI D
- 57 s
3 A g | f fare]
30N ALY LWASHOD B10NTI0S MILIMWVIS| T [t
$5018 - JHAOH Tied WId 0 3] 3 | bt
IITNTH 310) OL00L NAUME WRLYVIS] £ |4 “
IISHIAH 707 JICSS - WHLL ¥ Sod Z-Haums | T | 2-o] _
TN T LT, . .
W W LT -ANoW TINW WY | T [ad L. !
[ 24 Souce 2w L SPT WP VE i
BOCTE - WINUYAM, VAL -¥II0A | 3 {5 st xgy |
hbra.-n‘ AIE  TRIASWIN XD TORRT-CIONIWS | T Wi |
FATHIH FI00 a%0b - HaLMS | g | -] oS SOy En&.hhts.\.r\ N f
] 33suiH 9103 Sdizen- svn e wNigL] Tl |
. 7 WA WAL 8] T FU-L -
I TURIVERMY rm 13 I _— i

13

www . fastio.com

ClibhPDF -


http://www.fastio.com/



http://www.fastio.com/

6 oInbry

.
—Tre— tr— o o— e
~ o - Ty IV tered
2-100-23 e ICNINT ) " j S IR T T
ST ONILNOON 7 | s | h§< JANG HOAIANO2_ "
W1 3NOD JIIAPET | f———
g =EEEE YT 01 INows Mam " -
= + sevnspoy f ebranocsy _tnvﬁ.lol _ -
21y INVHY SNImvED [I8-iri) . -
SW | TS0 IAE OOV - AN SORIMNGD 3wof mas] o] . - - NmH h
b 2 \.Mw\Mw ~
2 . .
. Sevag For _m — - m.smw\w‘.u w57 IO
= I PNLLEIET ML L2
~anegfz, . - WEFy \Q\w\&.‘ FZ
! AL B = [ ’
. o L = Y .
RIS Np— —-—]-
[ g
/ b ' /..1 g
e gy &
) \ s | &
£ 2L t .
: ; G
s ; <
..... T © e
&
ol
! —_
(%) R
1L_j
L AT L : Frime
Q..Vkﬂhmvstvw .ﬁk\r\\ﬁ&\ IFAWTT G A \u.wq ’
IFT TP TN Ar2AM SR y
VIS S SAT IR ' OB T T I o i A
O LR YO ATRION SE O T T VAN S 77 2N . i E
e K '
= % . H i
, — i i _
— : T _ |
== I _
— = I ! = -1 . ;
— 3 [ el —7 4 [N} 1
i ol B : L T
i =1 | 3 =/ I e !
e * | /
.z v m ; ﬁ !
N\ﬁu\hﬁ%ﬁé&%; W7 - : _ i B
N 2 A P P WA _ ; oy .
\ BF s For Fr £ F 14 “1 T ] = : i
758 ST 7Tt Tee il [T 8 I = t /
AL Y Po7 ok X TR P FLE] 7| £ : : {
ALY IRAVAES A_- : :
5 - : AN
A2 : ]
7TE _—
71z —s==as e R j
fipa2] |}
)T .
WINILYW 40 TG -

14

www . fastio.com

ClibhPDF -


http://www.fastio.com/

N
R LY
el
.
‘ B e .
;
. N



http://www.fastio.com/

0L sanbyy

AR ' - — - mr e e
o] VIO e % Ve
b-1L0-23 TONE gy U —
Too8 WWL NG — et FL 130 NuNOOw ¥5:
N& INIWRYYY AYOESITN OGNV LIADNDD 107 WAY L3 M NSTLIVY Tok
o i
INFRLINDA 40 301430 S L

[ 1
s N !
T | ' i ouy il 230
. ! 1 ONIUNAGH ¥ radLivd Ti0-
H | | 7512, 00 GRIVION VY ROITE
. § ; — -
Hm -/ - ﬂ @ O rl e
) : / \ I 4] r/.o f /”
_it— ] %
A”V\ o - —
; o | / ._“.H_” i
Tl.wnt ! ®1 [ i w @l Vol
H | R i
! : — " i _ Y
T e o |
& S 1 1]
i T 3 T g1 e ¢ _
h _q _ WJ( wiov T -,QM .ﬁL P _w.o:sa-__ + 4_ L by TIOR VAT 3 “ j of Tt @l o
I + ||_.. mn - .
st \. rey: oy ~|/$ L = _ - 9 O
_ k=4 .ﬂ.n ' 0 M 1 ‘\/. .J..(..| 1
i ' ‘ Tt t tf~—
- TS ET . % I.wr - : - [
— § S @Al
" : I 90 TN ST LI 35— it
i
i
ol
TMINVY NVTY LNOCr . ' HH !
AINNE MO IWDHAIV, T0r i t
IWMT O it R RIS . 1
r - ST (=C— _\ ;
SN i Tl ]
e ¥ ol O TS
s 20 Teitarhs BEmn | 1] W J
TINGIS Lo | 2| el _r..&a J-L i i 1
4oy IR [T | .m VLT H !
ANNENOD T8e b T L Y . — - - '
@ N® !
Doz e | 1| s 3
CoLnawes ot | 2| e H
qngNos Ja¥e | b | B _ \% g 9
dtagios e | 2 | 2k . . ,A i — . ey w_
== Loy An% ] B] 1 ¥ /n@ Q.V @\ h@
wes—= e wave,——=] 1p] e

15

www . fastio.com

ClibhPDF -


http://www.fastio.com/

C



http://www.fastio.com/

Ll eanbyy

W Tl il 4 P

o wrvem
WG Wlearm | e v
» —

[t

Al A A 77 . A TS

iyl INGD WO

WATR IR A0 wOriAa
WALYIE L M AR p—— ——
TARAND 0 Ntk

St | T 2L “TINT T INLIOW DTINTHALE 55

] ATNMISSY JANG . HOAIANOD e
INIAdING3 30 3330 =y}

2N | TR ATIE a1

ST & ST T TP e e |
20, 2 200V FOIDN IDN SR WAL~

sTox

HPAOHS LINIVAT IND iTN0 7
CF.01 WAL WRIWIS 40 WINTT MO SONTIT MOIINII Yoy

N SYIHIIAO 1S T |
. wodaol o3 P AsSY aanal) | eal
BT O - HIYHD ONVILS 0N Al % on ovf T M-
ot-w A | 3| wof
WBEVM T ONY AT 0 0¥ T0 anoTh -4 | & L0
WATWA IV ONVIAH MIS v OV RIH 1:31e% | 4 | R0
SWTHEYM DNY LW ATWIT 2v2 OVaH I oot - | 8 |50
2l ot roRwan ] T |u
——— WRLHYIS T Hoa | 1| erol
TN On OW WOTTIOR IR0V w0l ¢ | 2 [T
3 |voy
-z bt
C1Tsc0)”
il
Wi Lo B v s T A3 ne | TTT L
Glgrdst At UEL J -2 il
S RBAr G Srr e F2r1 7 rF| 7 bsar
s————— 7 2 12 TR TR T Tard e R
- = “rerindTIIME 35 03 - Tl % T 0
.%@g WorIARTT |3 | 12
_—_———— s e — WOLWIT Lo Yy
SNV KT T0% —

LRNOW SOLOW ¥l

Y £ ] A

LHION ¥OLOW HTME~
gz MYLZC

L [
I A |
_ 1
[ HH
. C
1% Xwe T e '
s
el :
% .
—_——, . *
R

—2— Hor
v N g WA.I‘II- — = *s__‘h.|.‘ll.
T L
— in = - S
mw\v—n@lhl...i _._ri..mwl_ [ o .| r7
N oy T :
1 1 . STNTS2 N -
. f_ — vk z I
fc’.ﬁ H @Jull
Pos ~
I THL A -
—
g
_Illrtllizg 7%
v r
b L1}
1 N ’ | ’ s i
* m ] t
.\w._ U Ohr(\. kﬁ.va.n\.x\um.alb
1) |
{ O i O
. g = J2—
Wb iv.u,u&_.—.':\@ -
lmufuthl'rml.._
G- Sy
1
I s 6
m..._-__ . _ w
& 5]
~ /r.snw.ﬂ
. e - &
]
_ w2
—ee | - = _ Pt W00 > h
I o e A

16

www . fastio.com

ClibhPDF -


http://www.fastio.com/



http://www.fastio.com/

ZL 8Inbty

m——— ran LI e —
s o 57 e e () — — —— e
Rl rrr e ) M

- e —re.

("W | S T R IO LTI Ty o

TN | PRI BV ITWG M AL R TN | ) . F

« — LTI IF_ LW
ST Y LI KOS G YL 130y Y darRs
TR RRPIIRS TR B ATWOD L Lt 5
CHT AW R MBS FGLILTRRT IS ¥ N

.”ﬂﬁuul\ﬂ.;m\! Al
AW QL GIIEVL TNELTI08 TEar XA, 2
JOIF FLLLL & 200N HISBY gIv 7

e ITT e e

— i LIS

THZ

v

“STLON TVHINFT

- 2L
— ¥ 3 P-4
e _ITUT YTLHOF Drey [ S
7 i
p— Sl A T W3 s 3 il
- ¥
i ——; ¥y A4 o L7 7 S

ST T P ~—

ToF -URLIC

XidaE --

57

ONF WY NG L]
Flod WG v

—_

&Yz

17

1STIO.COoM

W fe

ClibhPDF -


http://www.fastio.com/

Clil



http://www.fastio.com/

——— -~

£l 8anbry

—qmmee [ —c

- J—
U023 |y = % vy
THIGL TNDI WD Bl LR

NS THropMusY TVIININDIS
ANIWINGDI 40 NOISING

W ke o8 Lota st Tt o . T
C=rr iy

0
s e—

P S SOIL_ b LI TING B0

yr .-anr.m R IN7H5 € Wl QenRjais

oo 7~ 43Q amweer[rerE

VY NOILTS,

FHILIS INILNIOW YO8 907 QHvOF NS £
TRV H0F TI0TIN 2 &/ WILL H2ow N

- L3509 KING?
A S3I08 w T} HOIL LSO ML TS
- SIS G UL SN ESSOY 2 KL I ™

" W08 31410 N JION Yir 5V v

1 -TvLIC

LR T vpa——

L-Tvizs

L- s 3

[

FEON WIINTT ' 8-TLIZ
STLON TPEINTT i
- - Li-TLIr PO Iz
F4 27T Guw b ak] T 1 & | — SN Ty BTLIC For— byt
S — L A ¢ 4!
N T R A AN - T _/|\,|\\\le_,
[ pp— et Ay R 2 I J| — T = ¥
! H.\. oy — #-TVL T fa
i FAYAT /4 | —
= : = Pt e
=1z 8 . ] I_| o!
[ TR 2L a NN M stk T IT i ’ .
—— T LT i ) : L _ g ,
Y 77X 53 20 T ET S o i A A j [ o o A
i AT o 4 ~ 1 /= p—k /] L ——
e FH I T Eshiai— 17
e TN ITIY W I 2 Ui p %
. ] -
= i | Fi- 133
1= !
T <+ -4
el P\ T3 Dﬂ
I/ Y A v Y 57 T 7 /
s
= = - e
S 1 7L 1 7 i

T T
it o P
e P ,

THHC T m i

18

www . fastio.com

CMPI)*—


http://www.fastio.com/

ClihPD

WAV

[10.CC

B

M



http://www.fastio.com/

ClibhPDF -

6.1.3 Test Vehicles

Following is a list of the passenger cars used for the cone
truck tests:

Test Number Description Weight (1lbs)
421 1978 Dodge 4-door 4130
422 1978 Chrysler 4-door 4180
423 1980 Dodge 4-door 4000
424 1975 Plymouth 4-door 1660

All vehicles were self-propelled,. Steering control was
achieved with a straight anchored guidance cable running
through a bracket attached to the right front wheel. No
constraints were placed on the steering wheel, A short
distance before the point of impact, the vehicle ignition was
turned off, and the car was released from the duidance cable,
A speed control device on the car maintained the desired
impact speed once it was attained,

The same cone truck was used in all tests.

Description ~ Total Weight
1967 Ford 10000 GVW 6200 1lbs

The truck was a retired Caltrans vehicle, in running condition,

free of body damage or missing structural prarts, and unmodified
for tests.

In all tests the truck was parked in second gear (standard
transmission).

Two lightweight steel tube frames with targeting were cantilevered
off the top of the cone body of the truck. They permitted smaller
more detailed fields of view in the data cameras without

sacrificing the means to plot the truck displacement and velocity.
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6.1.4 Data Acquisition Systems

Several high speed movie cameras were used to record the
impact events. A normal speed movie camera, a video camera,
and a colored slide camera were used also to picture the
impact and the conditions of the test vehicles before and
after the impact. 1In addition black and white still
photography was used to cover pre and post impact test
conditions.

_Accelerometers were mounted on the floorboidrd of the car and

on the floorboard in the truck cab. Acceleration data were

collected to judge impact severity and the chance of operator
injury.

In the tests, an anthropomorphic dummy was placed in the cone
body of the cone truck. The dummy, Sam, a dummy built to
conform to Federal Motor Vehicle Safety Standards by the
Sierra Engineering Company, is a 95 percentile American male
weighing 185 lbs. The dummy was restrained with a standard
lap belt for all tests.

A1l high speed cameras were equipped with timing light
generators which exposed reddish timing pips on the film at a

-rate of 1,000 per second. The pips were used to determine

camera frame rates and to establish time-sequence
relationships. Data from the
high-speed movies were reduced on a Vanguard Analyzer.

Some procedures used to facilitate data reduction for the test
are listed as follows:

Butterfly targets were attached to the cone truck and cars at
specified locations to collect data from the films and
photographs.

6.1.5 Test Parameters

Impact location on

Test No. Speed Angle (degrees) Cone Truck

421 44 .7 mph 0° £ of car on right rear
422 45.1 mph 25° £ of car on left Front

corner of cone body

423 43.4 mph 25O E of car on right front

cone of cone body

424 61.8 mph 250 E of car on right front

cone of cone body
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6.2 Cone Truck Test Result

There were four tests conducted to help determine the crash
worthiness of the cone truck body. A film report was also
assembled which shows all tests.

6.2.1 Test 421

Test 421 was a rear impact of the cone truck body. This test
was conducted to determine if the sheet metal on the rear of
the body would absorb the impact without damaging the
operator's compartment, and also view the reaction of Sam
(dummy) during impact. :

Data sheet and photos of vehicles before and after impact are
shown in figures 421-1 through 421-4,

The car's longitudinal centerline impacted inline with the
right side and rear of the cone truck at 44.7 mph.

The rear sheet metal of the cone truck was severely crushed
while leaving the operator's compartment damage free, Sam

(dummy) was tossed about loosing his hardhat but remaining

belted in his position. The cone truck was driveable after
the test.

The car was severely damaged and undriveable.
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Impact + +000 seconds

Impact + .146 seconds

Impact + -292 seconds

Impact + ,g57 Seconds

Impact + ,949 Seconds

ChibhPDF - stlo.com

DATA SuUMMARY SHEET TEST #4231

TEST DATE AUGUST 17, 1983

CONE TRUCK DATE
—=h DATE

Model Ford cab
Gross Vehicle Weight 6200 1bg
Bed Type Conesetting
Brake Setting Parking 1/2 engaged
Gear Setting 2nd gear

DUMMY DATa
—= JAlA

Dummy " $#71, Sierra part #292,

50 Percentiie male was Seated on the
right side of the tryck Conesetting
bead, facing forwarqg,
Dummy Height - g¢
Dummy Restraint

bummy Weight-221
Lap Belt

Dummy #2, sierra Part #572,
50 Percentile male wasg Seated on the

bed, facing the rear,
Dummy Height - g5.g1 Dummy Weight-165

Dummy Restraint Lap Belt
VEHICLE DATA

Model 1978 Dodge
Impact Velocity 44.7 MpH
Impact Angleg degree, rear w/3' offset
Weight 4130 1bs
IMPACT DATA

Max. 50 Mg Avg, Acceleration

Car, Longitudinag} -13.3 ¢
Car, Latera)] -4.1 ¢
Conetruck,Longitudinal 10.8 ¢
Conetruck,Lateral N/a
Dummy Head Resultant N/A

Truck Rol1l Ahead,Distance-
150 feet forwarg and left 5p feet

FIGURE 421-1
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CONE TRUCK
BEFORE IMPACT

SAM BUCKLED UP
BEFORE IMPACT

FIGURE 421-~-2
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TEST 421

TEST VEHICLE
BEFORE IMPACT

FIGURE 421-3

ClihPDF - www .fastio.com



http://www.fastio.com/

C



http://www.fastio.com/

TEST 421

TEST VEHICLE
AFTER IMPACT

FIGURE 421-4

ChhPDF - www .fa

[ro.com



http://www.fastio.com/



http://www.fastio.com/

6.2.2 Test 422

Test 422 was an angle impact of the cone truck body. This
test was conducted to determine if the operator's position of
the cone truck could withstand an impact by a full size
passenger car, and also view Sam's reactions.

Data sheet and photos of vehicles before and after impact are
shown in figuresg 422-1 through 422-3.

The car's longitudinal centerline imgacted inline on the front
left corner of the cone body at a 25° angle from the rear;
this placed the impact directly on the operator's compartment.

The operator's compartment was left undamaged, only scratched
paint remained. The right front corner of the car's hood
penetrated the operator's position and severely damaged the
right arm and knee of Sam. Sam remained belted in the
operator's position. The cone truck was driveable after the
test,

The car was severely damaged and undriveable,

ClihPDF - www .fastio.com
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DATA SUMMARY SHEET TEST #422
TEST DATE SEPTEMBER 23, 1983

CONE TRUCK DATE

Model Ford Cab

Gross Vehicle Weight 6200 lbs

Bed Type Conesetting

Impact + .000 seconds Brake Setting Parking 1/2 engaged
B T 1 Gear Setting 2nd gear

DUMMY DATA

bummy #1, Sierra part #120,

95 Percentile male was seated on the
left side of the truck conesetting
bed, facing the rear.

Dummy Heigtht - 6! Dummy Weight-221
bummy Restraint Lap Belt

Impact + .08l seconds
; TR, Dummy #2, Sierra Part #572,

50 Percentile male was seated on the

right side of the truck conesetting

bed, facing the rear.

bummy Height - 5-9' Dummy Weight-165

Dummy Restraint Lap Belt

VEHICLE DATA

Model 1977 Chrysler
Impact Velocity 45.1 MPH
Impact Angle 25 degree/right side
Weight ' 4180 1lbs

IMPACT DATA
Max. 50 MS Avg. Acceleration
Car, Longitudinal -
Car, Lateral
Conetruck,Longitudinal
Conetruck,Lateral -
Dummy Head Resultant
Truck Roll Ahead Distance-

14 feet and right 4 feet

Wb
W N ]
aaanaaa

FIGURE 422-1
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TEST 422

e

S
.ﬁé@aﬁm”

TEST VEHICLE
BEFORE IMPACT

FIGURE 422-2
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TEST 422

TEST VEHICLES
AFTER IMPACT

FIGURE 422-3
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6.2.3 Test 423

Test 423 was an angle impact of the cone truck body. This
test was conducted to determine if an attachment to increase
the height of the operator's compartment would prevent Sam
from being damaged, as in Test 422,

The car's longitudinal centerline impact%d inline on the
passendger door of the cone truck at a 25 angle from the rear;
this placed the impact about 10 inches forward of the impact
point of Test 422.

The operator's compartment was left undamaged, only scratched
paint remained. Sam was tossed about but remained belted in
the operator's position and was not damaged. The attachment
appeared to reduce the possibility of the hood penetrating the
operator's compartment. The right side of the cone truck cab

and right front axle were damaged. The truck was not
driveable,

The front left side of the car was severely damaged and
gndriveable.

Data sheet and photos of vehicles before and after impact are
shown in figures 423-1 through 423-4,
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DATA SUMMARY SHEET TEST $#423
TEST DATE DECEMBER 11, 1984

CONE TRUCK DATE

Model Ford Cab
Gross Vehicle Weight 6200 1lbs
Bed Type Conesetting
Brake SettingParking 1/2 engaged

Gear Setting 2nd gear

Side Box Modifications Yes

DUMMY DATA

bDummy #1, Sierra part #1120,

95 Percentile male was seated on the
right side of the truck conesetting
bed, facing the rear.

Dummy Height - 6° Dummy Weight-221
bummy Restraint Lap Belt

bummy #2, Sierra Part #572,

50 Percentile male was seated on the
left side of the truck conesetting
bed, facing forward.

Dummy Height - 5-9' Dummy Weight-165
Dummy Restraint Lap Belt

VEHICLE DATA

Model - 1980 bodge
Impact Velocity 43.4 MPH
Impact Angle 25 degree/right side
Weight _ 4000 lbs

IMPACT DATA

Max., 50 MS Avg. Acceleration
Car, Longitudinal -
Car, Lateral -
Conetruck,Longitudinal
Conetruck,Lateral

Dummy Head Resultant

Truck Roll Ahead Distance-

W W W
Z AN W
PO ao

FIGURE 423-1
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TEST 423

ATTACHMENT ADDED
AFTER TEST 422

FIGURE 423-2
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FIGURE 423-3
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TEST VEHICLES
AFTER IMPACT

FIGURE 423-4
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DAT2A SUMMARY SHEET TEST #424
TEST DATE SEPTEMBER 4, 1985

CONE TRUCK DATE

Model Ford Cab
Gross Vehicle Weight 6200 1bs
Bed Type Conesetting
Brake Setting Parking 1/2 engaged
Gear Setting 2nd gear
Side Box Modifications Yes

DUMMY DATA

Dummy #1, Sierra part #120,

95 Percentile male was seated on the
right side of the truck conesetting
bed, facing the rear.

Dummy Height -~ 6! Dummy Weight-221
Dummy Restraint Lap Belt

Dummy #2, Sierra Part #572,

50 Percentile male was seated on the
left side of the truck conesetting
bed, facing forward,

Dummy Height - 5-9' Dummy Weight-165
Dummy Restraint Lap Belt

VEHICLE DATA

Model 1975 Plymouth Valiant
Impact Velocity 61.8 MPH
Impact Angle 25 degree/right side
Weight without dummy 3660 1bs

IMPACT DATA

Max. 50 MS Avg, Acceleration

Car, Longitudinal -11.4 G
Car, Lateral ~-5.7 G
Conetruck,Longitudinal 6.3 G
Conetruck,Lateral 7.7 G
bummy Head Resultant 12.2 G

Truck Roll Ahead Distance-
56.6 feet forward and left 20.9 feet

FIGURE 424-1
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TEST 424

TEST VEHICLE
BEFORE IMPACT

FIGURE 424-2
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TEST 424

TEST VEHICLES
AFTER TMPACT

FIGURE 424-3
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TEST 424

TEST VEHICLES
AFTER IMPACT

FIGURE 424-3
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TEST 424

TEST VEHICLES
AFTER IMPACT

FIGURE 424-4
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APPENDIX A: TEST-VEHICLE EQUIPMENT AND CABLE GUIDANCE SYSTEM
The test vehicles were modified as follows for the crash tests:

Four 1l2-volt wet cell lead acid motorcycle~-type batteries were
mounted in the car to supply power for the test equipment. Two
supplies power to the high speed camera and lamps located inside
the vehicle. The other pair of batteries operated the solenoid-
valve braking system and other test equipment installed in the
vehicle.

The test vehicle gas tank was disconnected from the fuel supply
line and drained. 1In tests 422,423, and 424, the tank was filled
with water to add weight to the car and eliminate the fire hazard.
In Test 421 extra weight was not needed, and dry ice was placed in
the empty tank to inhibit combustion. A one-gallon safety gas
tank was installed in the trunk compartment and connected to the
fuel supply line.

The accelerator pedal was linked to a small cylinder with a piston
which opened the throttle. The piston was activated by a manually
thrown switch mounted on the top rear fgnder of the test vehicle.
The piston was connected to the same CO cartridge used for :he
braking system, but a separate regulator was used to control the
pressure. The car was placed in the drive position on the
automatic transmission.

A speed control device which was connected between the negative
side of the coil and the battery of the vehicle, regulated the
speed of the test vehicle based on speedometer cable output, This
device was calibrated prior to the test by conducting a series of
trial runs through a speed trap composed of two tape switches set
& known distance apart and connected to a digital timer.

A cable guidance system was used to direct the vehicle into the
conetruck. The guidance cable, anchored at one end of the vehicle
path to a threaded coupler embedded in a concrete footing, passed
through a guide bracket bolted to the spindle of the front wheel
of the test vehicle on the side away from impact. A steel
knockoff bracket, which anchored the opposite end of the cable
near the conetruck to a concrete footing, projected high enough to
knock off the guide bracket thereby releasing the vehicle from the
guidance cable prior to impact.

A microswitch was mounted below the front bumper and connected to
the ignition system. A trip plate placed on the g.ound near the
impact point triggered the switch when the car passed over it.
This opened the ignition circuit, cut the vehicle engine prior to
impact and released the sliding weight mounted on the roof of the
vehicle from an electro-magnet so the weight was free to travel
immediately before impact.
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A solenoid-valve actuated co2 system was used for remote braking
after impact and for emergency braking at any other time. Part of
this system was a cylinder with a piston which was attached to the
brake pedal, The pressure used to operate the piston was
regulated according to the test vehicle's weight. This allowed
the vehicle to stop without locking up the wheels.

The remote brakes were controlled at the console trailer by using
an instrumentation cable connected between the vehicle and the
electronic instrumentation trailer and a cable from the trailer to
the console trailer. Any loss of continuity in these cables
caused an automatic activation of the brake and ignition cut off.
Remote activation of the brakes also would turn off the ignition.
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APPENDIX B: PHOTO-INSTRUMENTATION

Data film was obtained by using five high speed PhotoSonics Model
l16mm 1B cameras, 200/400 framer per second (fps), and four high
speed Redlake Locam cameras, 400 fps. These cameras were located
around the impact area. The cameras were electrically actuated
from a central control console located adjacent to the impact area
except for three which had their own battery power and were turned
on by three separate operators,

All high speed cameras were equipped with timing light generators
which exposed reddish timing pips on the film at a rate of 1,000
per second. The pips were used to determine camera frame rates
and to establish time/sequence relationships. Data from the high
speed movies were reduced on a Vanguard Motion Analyzer, Some
procedures used to facilitate data reduction for the test are
listed as follows:

1. Butterfly targets were attached to the test car and conetruck,
for film data acquistion. :

2. Flashbulbs mounted on the test vehicle were electronically
flashed to establish (a) initial vehicle/barrier contact (b)
application of the vehicle's brakes and {c) beginning and
ending of sliding weight travel. The impact flashbulbs have a
delay of several milliseconds before lighting up.

3. Five tape switches placed at ten foot intervals were attached
to the ground perpendicular to the path of the impacting
vehicle beginning about five feet from impact. Flashbulbs
were activated sequentially when the tires of the test vehicle
rolled over the tape switches., The flashbulb stand was placed
in view of most of the data cameras or made visible to the
tower cameras through the use of mirrors. The flashing bulbs
were used to correlate the cameras with the impact events and
to calculate the impact speed independent of the electronic
speed trap. '

Additional coverage of the impacts were obtained by a 70 mnm
Hulcher sequence camera and a 35 mm Hulcher sequence camera (both
operating at 20 frames per second). Documentary coverage of the
tests consisted of normal speed movies and still photographs taken
before, during, and after impact.

A sliding weight device was mounted on all test cars to determine
the rattlespace time. This device would only be used if
accelerometer data failed. The weight contains ball bearings
which roll along a smooth rod. The weight is held in place on the
left end of the rod by an electromagnet before impact. The front
bumper switch on the car which cuts the ignition about two feet
before impact alsoc cuts off the current to
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the electromagnet. The weight is then free to slide forward for a
two foot distance on the rod after impact. The time it takes for
the weight to travel two feet (rattlespace time) is determined
from the high speed movie film. Flashbulbs mounted on the device
are activated when the weight begins to move and also when it
reaches the end of its travel. The flashbulbs are more visible to
distant data cameras than the sliding weight.
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APPENDIX C: ELECTRONIC INSTRUMENTATION AND DATA

Six accelerometers measured acceleration., Three unbonded strain
accelerometers (Statham) were at the longitudinal and lateral
center of gravity of the cars. One each was oriented in the
longitudinal, lateral, and vertical direction. These :
accelerometers were mounted on a small rectangular steel plate
which was welded to the floorboard of the vehicle.

Three Endevco Model 2262-200 piezo-resistive accelerometers were
mounted in the head of the dummy seated on the side opposite
impact. Those mounted in the car and in the cab of the conetruck
were close to the vehicle center of gravity in' the horizontal
plane., Those in the conetruck bed were mounted on the inside edge’
of the conesetter's compartment (impact side only) where they
received solid support from the truck frame.

Data from the accelerometers in the test vehicle were transmitted
through 1,000 foot Beldon #8776 umbilical cable connecting the
vehicle to a 14 channel Hewlett Packard 3924C magnetic tape
recording system. This recording system was in an instrumentation
trailer at the test control area.

Three pressure activated tape switches were placed on the ground
in front of the conetruck. They were spaced at carefully measured
intervals of 12 feet. When the test vehicle tires passed over
them, the switches produced sequential impulses of "event blips"
which were recorded concurrently with the accelerometer signals on
the tape recorder and served as "event markers". A tape switch on
the front bumper of the car closed at the instant of impact and
activated flashbulbs mounted on the car. The closure of the
bumper switch also put a "blip™ or "event marker" on the recording
tape. A time cycle was recorded continuously on the tape with a
frequency of 500 cycles per second. The impact velocity of the
vehicle could be determined from the tape switch impulses and the
timing cycles, Two other tape switches, connected to digital
readout equipment were placed 12 feet apart just upstream of the
cone truck to determine the impact speed of the test vehicle
immediately after the test.

All accelerometer data was processed on a Norland Model 3001

waveform analyzer, the primary means of data reduction. The

analyzer digitized and manipulated the raw data, printed test
results, and plotted various curves.

The occupant impact velocity is theoretical; however, on the plot
distance vs time, the curves can be visualized as representing the
car windshield and the driver's head. It is assumed that the head
starts out two feet behind the windshield. The point where the
curves cross represents the impact between the head and the
windshield because the windshield was slowed down from the impact
velocity, and the head was not. The time when the windshield/head
impact occurs (rattlespace time) is carried to the plot of
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velocity vs time. The occupant impact velocity is the difference
between the vehicle impact velocity and the vehicle velocity at
the end of the rattlespace time,

The dummy accelerometers are not used in determining the occupant
impact velocity, only the vehicle accelerometers.

Due to technical difficulties there was not accelerometer data for
Test 421 (conetruck data and occupant impact velocity) and Test
424 (lateral for test car and conetruck). Data previously used in
this report for these tests was film data.
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